[1] This paper reports observations of Auroral Kilometric Radiation (AKR) by the low altitude satellite DEMETER (700 km) during the super magnetic storm of November 2004. AKR is generated along auroral field lines at altitudes above $3000 km and escapes from the Earth so that most observations have been made close to the source regions or at large distances from the Earth. However, EM waves with AKR-like frequency spectra detected by the low altitude EXOS-C satellite were interpreted by Oya et al. (1985) as AKR emissions propagating toward the Earth in the whistler mode. During the large magnetic storm of November 8-10, 2004, numerous events have been observed by DEMETER and, in one case, the emissions were recorded when DEMETER was flying over an intense aurora observed by the UVI (Ultra Violet Imager) of the POLAR spacecraft. During this event, density depletions have been observed at the satellite altitude. Similar AKR-like EM waves were also recorded by DEMETER at other times showing that these emissions are a common phenomenon at low altitudes in the auroral regions during periods of sustained magnetic activity.
Introduction
[2] Auroral Kilometric Radiation (AKR) is an electromagnetic emission generated by energetic electron beams precipitating along auroral magnetic field lines and cover the frequency range 50-700 kHz with a maximum around 250 kHz [Gurnett, 1974] . A detailed description of the most significant AKR features was given by André [1997] showing that the dominant mode of propagation is R-X, with a weaker L-O mode also observed. Z mode AKR can also be detected between the plasma frequency and the electron gyrofrequency [Benson, 1985; Roux et al., 1993; André, 1997] . Using a ray tracing analysis, Menietti and Lin [1985] have shown that the Z mode propagates toward higher density regions, roughly perpendicularly to the Earth's magnetic field. AKR waves in the R-X mode propagate upwards and escape from the Earth because large scale density gradients refract the waves which are going downward. However, a few observations performed on-board low-altitude satellites have shown the existence of HF waves in the same frequency range but propagating in the whistler mode [Hartz, 1970; Oya et al., 1985; Benson and Wong, 1987; Beghin et al., 1989; Kiraga, 2010] . These findings have been discussed by André [1997] and LaBelle and Treumann [2002] . Oya et al. [1985] were the first to call them "AKR-like emissions" and to suggest a link with AKR. Recently, by comparison between AKR-like emissions observed on ground and AKR emissions observed by the GEOTAIL plasma wave receiver located very far from the Earth, LaBelle and Anderson [2011] found that the two emissions have the same frequency-time structure, and thus should have a common origin.
[3] This paper reports observations of AKR-like emissions recorded by the low altitude DEMETER satellite during the large magnetic storm of November 8-10, 2004. These observations were performed both in the northern and southern auroral regions. A particular event will be shown in more detail when DEMETER is just above an active auroral arc as evidenced by images from the UVI (Ultra Violet Imager) of the POLAR spacecraft. Section 2 describes the instrumentation, section 3 the observations and section 4 is devoted to discussion and conclusions.
Instrumentation
[4] DEMETER is a 3-axis stabilized Earth-pointing spacecraft launched on June 29, 2004 into a low altitude ($710 km) polar and circular orbit that was subsequently lowered to 650 km till the end of the mission in December 2010 [Cussac et al., 2006] . The orbit is nearly sunsynchronous with an ascending node at $22.30 LT in the night sector and a descending node at $10.30 LT during day-time early in the mission. The main objectives of DEMETER were the search for ionospheric disturbances possibly generated by pre-seismic activity, the investigation of ionospheric effects of man-made activities and, more generally, the study of space weather and ionospheric phenomena. To these aims the scientific payload included a complete set of instruments to measure the electric and magnetic components of plasma waves and to monitor the main parameters of the ionospheric plasma. A thorough description of the instrumentation can be found in the Planetary and Space Science DEMETER Special Issue, 2006. The payload was nearly continuously operated at latitudes below 65 but dedicated operations were also programmed when the satellite was flying over ground-based facilities such as EISCAT or HAARP.
[5] Data reported in this paper were acquired by the Electric Field Instrument (ICE) which measures the 3 electric components of plasma waves in the frequency range from DC to 3.25 MHz and a detailed description can be found in Berthelier et al. [2006a] . The Very Low Frequency (VLF) range of ICE extends from 70 Hz to 20 kHz and the High-Frequency (HF) range from 10 kHz to 3.25 MHz. There are two scientific modes, Survey and Burst, this later being mainly activated when the satellite is above active seismic regions or for specific purposes. Only Survey mode data were available for this study providing the 2.048 s averaged VLF and HF power spectra of the electric component of plasma waves perpendicular to the orbit plane with a frequency resolution of 3.25 kHz in the HF range.
[6] The electron density is measured by the ISL Langmuir probe [Lebreton et al., 2006] with a resolution of 1 s and the ion density and composition are provided by the IAP retarding potential analyzer [Berthelier et al., 2006b ] with a resolution of $4 s in Survey modes.
[7] The Polar Spacecraft was launched on February 24, 1996 in a highly elliptical orbit, with apogee at 9 earth radii and perigee at 1.8 earth radii geocentric. The inclination is 86
and the period about 18 h. The Ultraviolet Imager (UVI) onboard POLAR consists of a camera and an electronic support package. The UVI is a two dimensional spatial imager which produces images of the Earth's auroral regions in the far ultraviolet wavelength range (130 nm to 190 nm). Details of the UVI experiment can be found in Torr et al. [1995] .
Observations
[8] Figure 1 shows the HF spectrogram along a complete day-time half-orbit on November 10, 2004. Emissions in the AKR frequency range are detected both in the Northern and Southern high latitudes regions extending up to $600 kHz in the North and $400 kHz in the South. They appear to be more intense and over a wider latitudinal range in the North. At lower frequencies, in the VLF range, auroral hiss is to $61 . During the same period, the lower frequency cut-off of VLF emissions varies with latitude and its minimum value is roughly coincident with the center of the time interval where the AKR-like emissions are observed. Half an hour later, in the South part of the same half-orbit, HF emissions are recorded in a frequency range from 100 kHz to 400 kHz and between $06:00:40 UT and $06:02:50 UT corresponding to invariant latitudes from $À58
to À63 thus at invariant latitudes significantly lower than in the Northern hemisphere. Previous studies have shown that the patterns of auroral arcs and electron precipitations may be different in conjugate hemispheres [Frey et al., 1999; Østgaard et al., 2007] . An overview of AKR-like emissions detected during the whole period of the magnetic storm is displayed in AKR-like emissions are observed at auroral latitudes at night. Day-time emissions may occur along cusp/cleft field lines since AKR was also observed in this region [Pottelette et al., 1990] which moves toward lower latitudes during periods of intense magnetic activity.
[9] A last example of AKR-like emissions is shown in Figure 5 . The data were acquired in the Southern hemisphere during nighttime on November 8, 2004 between 06:24:30 and 06:30:30 UT. In addition to AKR-like signals at frequencies up to $550 kHz, they show large signals extending up to $1.35 MHz and, even, above 1.8 MHz over a short time interval near 06:27:15 UT which we discuss briefly later. This example is especially interesting because of the availability of a simultaneous UV image of the auroral oval obtained by the UVI experiment onboard POLAR exhibited in Figure 6 . In Figure 6 (left), the image is in geographical coordinates and in Figure 6 (right), the image is displayed in magnetic latitudes and MLT coordinates with, indicated in red, the part of the DEMETER orbit during which AKR-like observations are performed. Clearly the emissions are detected when DEMETER flies over a relatively wide-spread auroral arc. Several UVI images similar to the one shown in Figure 6 are available showing that the aurora form is quite stable over a period of several minutes, thus during the period when AKR-like emissions are observed.
Discussion and Conclusions
[10] From a magnetic mapping, Huff et al. [1988] have shown that AKR sources occur on field lines associated with discrete auroral arcs and in situ measurements performed by VIKING [Louarn et al., 1990] and FAST [Ergun et al., 1998; Pottelette et al., 2004] have shown that the source region typically extends from $3000 km to 8000 km. However, Benson and Calvert [1979] have observed AKR sources down to 2000 km with ISIS-1 data. Using data from the same satellite, this minimum source region altitude for the source encounters is also confirmed in Figures 3-7 of Benson and Akasofu [1984] and Figures 27 and 28 of Benson [1985] .
[11] The plots of Figure 6 indicate that AKR-like emissions are detected by DEMETER at low altitude along magnetic field lines connected to a visual auroral arc. [Pottelette et al., 1988] shown to arise from electron holes moving along the field lines [Dubouloz et al., 1991a [Dubouloz et al., , 1991b Berthomier et al., 2003 ]. However, due to instrumental effects in the ICE instrument HF channel in presence of large signals, we cannot rule out that these HF signals are of instrumental rather than natural origin. The data are currently under investigation and the results will be reported in a forthcoming paper.
[12] There is no UVI POLAR data for the observations displayed in Figure 2a but the HF spectrogram of this event shown in Figure 8 displays similar features as those observed in conjunction with POLAR. Figure 8a presents the same HF spectrogram as in Figure 2 but now up to 200 kHz, and Figure 8b shows the VLF spectrogram from 70 Hz to 20 kHz. The ion and electron densities displayed in Figures 8c and 8d show the presence of a deep density depletion centered at $05:27:45 UT with large fluctuations on the 1 s resolution electron density measurements and a simultaneous broadband electrostatic noise observed in the VLF spectrogram. It is likely that, once again for this event, the satellite crosses the field lines that link an auroral arc and the AKR source region. The latitudinal extension of the depletion region is about 110-200 km, very similar to the case of Figure 7 where the extension of each density cavity is of the order of 250 km. The DEMETER observations at 650 km altitude are thus very similar to observations obtained at much higher altitudes by FAST which show that the most intense AKR occurs in density depleted cavities extending from 30 km to 300 km in latitude [Ergun et al., 1998 ]. Our data suggest that these density cavities are the signature of an AKR source region and extend along the magnetic field lines from the F region ionosphere connected to the visual auroral arc to the AKR source region at high altitude. To get some insight into the auroral electron precipitation at the time of an event, we have used the DC magnetic field measurements provided by the DEMETER service magnetometer that is part of the attitude and orbit control systems. In spite of the low sampling rate (1 point/s), low resolution (50 nT) and significant EM interferences due to S/C subsystems, this magnetometer provides useful data for intense auroral events. There is no magnetometer data for the two events previously shown in Figures 7 and 8 , but another very similar case is displayed in Figure 9 where these data are available. In this figure the three magnetometer components are in the satellite coordinate system, i.e., Z is opposite to the satellite velocity, hence horizontal, X is directed toward the nadir and Y completes the orthogonal set. As usual, the major disturbances are observed on the Y component but smaller variations are also observed on the Z component indicating that the current sheets are inclined with respect to the perpendicular to the DEMETER orbit. Nevertheless, due to the relative amplitude of the Y and Z variations, and to the limited accuracy of the magnetometer data, we have calculated the current densities by taking only into account the Y component data which are displayed in a magnified scale in Figure 10 . The field aligned currents are highly structured with successive alternated upwards (5) and downward (4) current sheets crossed between 20:09:33 UT and the end of the interval at 20:10:26 UT. The upward current densities range from $4 to $10 mA/m 2 with an average thickness of $50 km along the satellite track while the downward current densities range from $À1 to À12.5 mA/m 2 . The current densities maximize at $+10 and $À12.5 mA/m 2 in a pair of upward and downward current sheets observed between $20:09:40 and 20:09:44.4 UT with respective thicknesses of $8 km and $25 km. The most intense upward field aligned current is thus observed in a $8 km sheet between 20:09:40 and 20:09:41 UT which can be associated with the plasma cavity observed at $20:09:39 UT by the plasma instruments. This is in accordance with the expectation that AKR emissions are generated by precipitating electron beams.
[13] The spectrograms in Figures 1, 2 and 5 similarly show frequency ranges comparable to the usual AKR frequency band. Unfortunately the reduced capability of the HF part of the ICE experiment with a single component on a non-spinning spacecraft does not allow performing a more thorough analysis of the emissions, in particular determining the wave polarization and the propagation direction. For the events shown in Figures 1, 2 and 5, electron density measurements correspond to a local plasma frequency between 1.3 MHz and 1.8 MHz while the computed gyrofrequency is between 1.0 and 1.2 MHz. Thus it is likely that the detected waves propagate in the whistler mode. Our observations thus relates to those performed by Oya et al. [1985] who concluded that these AKR-like emissions are leaked AKR. They develop a theoretical interpretation showing that Z-mode waves generated in the source region well above the satellite altitude are partly converted to the whistler mode waves at the point where the Z-mode wave frequency coincides with the local plasma frequency. Later on, Horne [1995] using a ray tracing analysis has shown that Z-mode waves are reflected in the topside of the ionosphere at an altitude of $1.1 R E (in fact very close to the DEMETER altitude). But he also demonstrated that the Z-mode waves can access to the so-called second radio window [Jones, 1976] where energy can be mode converted into whistler mode waves which propagate to the ground. It can therefore be concluded that the observed HF waves are AKR emissions which propagate with large enough amplitudes down to the upper F region at DEMETER altitude.
[14] During the time interval of observations in Figures 3  and 4 , some half orbits are missing due to the satellite operation but it is shown that AKR-like emissions are always present during this super magnetic storm. They are detected in the nighttime auroral zone as well as in day-time where they most probably relate to a source in the cusp/cleft region. Such AKR-like emissions are not only observed by DEMETER during the November 2004 storm but also each time the magnetosphere is compressed enough that the auroral oval is present at invariant latitude less than 65 where DEMETER data are usually recorded or in the few high latitude DEMETER passes dedicated to correlated studies with HAARP and EISCAT. This indicates that these AKR emissions are a common phenomenon at high latitudes and low altitudes.
